Background: Substantial numbers of children with HIV present to health care services in older childhood and adolescence, previously undiagnosed. These "slow-progressors" may experience considerable chronic ill health, which is not well characterized. We investigated the prevalence of chronic morbidity among children aged 6-15 years at diagnosis of HIV infection.
BACKGROUND
Untreated vertically acquired HIV infection is associated with high mortality rates with a 50% probability of dying by 2 years of age among African cohorts in the preantiretroviral therapy (ART) era. 1 However, as HIV epidemics have matured, survival estimates have been successively revised upward, and a substantial number of perinatally infected children are presenting with HIV infection in later childhood or adolescence. [2] [3] [4] It is estimated that a third of HIV-infected infants have slow-progressing disease with a median survival of at least 16 years. 5 Unlike children who have rapid disease progression and present with AIDS-defining illness in infancy, children with slowprogressing HIV are either paucisymptomatic or typically have a history of multiple, nonspecific complaints, including recurrent upper respiratory tract or skin infections that are also common among their HIV-uninfected peers. 6, 7 Recognition of HIV is consequently often delayed until presentation with advanced disease. 6 There is strong evidence that immediate initiation of ART reduces mortality in infants, in particular those under 1 year of age. 1 The WHO 2013 HIV treatment guidelines recommend immediate ART initiation on diagnosis regardless of clinical or immune stage in all children aged under 5 years. 8 Such a benefit has not been demonstrated for older children. 9 For those over 5 years, WHO 2013 guidelines (which were standard of care when this study was being conducted) recommended that, as for adults, ART is deferred until the clinical stage 3 or 4 HIV disease is apparent or if the CD4 count drops below 500 cells per millimeter. 8 In 2015, the WHO further revised HIV treatment guidelines recommending that ART be commenced in all age groups regardless of clinical or immune status, although evidence for immediate ART commencement is lacking in older children and adolescents. 10 While the risk of AIDS-defining infections is low above a CD4 threshold of 500 cells per cubic millimeter, long-standing infection is associated with development of chronic complications, which may not fulfill the criteria for ART initiation. 11 For example, we have previously demonstrated a high prevalence of chronic respiratory symptoms among adolescents with vertically acquired HIV infection. However, objective measures of lung function were not performed, and the study included both ARTnaive and ART-treated individuals. 12 We investigated the prevalence of chronic symptoms, including a standardized assessment of growth and lung function and whether these were associated with immunological status among children aged 6-15 years at HIV diagnosis of HIV infection.
METHODS

Study Setting
A cross-sectional study was performed in 7 public sector primary health care clinics (PHCs) in 7 high population density suburbs in southwest Harare, Zimbabwe between January 2013 and December 2014. Each suburb in Harare is served by one main PHC, termed polyclinic, which provides acute primary care, antenatal and postnatal care, mother and child health services, HIV testing and care. Primary health care provision is nurse led, supported by weekly consultation visits by a general medical practitioner. Children are managed using WHO Integrated Management of Childhood Illness protocols with referral to the local hospital where required. 13 ART and cotrimoxazole prophylaxis are provided free of charge, although each HIV consultation visit incurs a cost of US $1. Provider-initiated HIV testing and counseling (PITC) ie, offering HIV testing to all individuals attending health facilities regardless of the reason for presentation has been part of WHO and Zimbabwean national guidelines since 2007 and testing is free of charge. 14, 15 Nurse-led ART initiation for children was introduced at the 7 PHCs with supervision from a physician (clinics having previously only provided ART for those having been initiated on treatment in secondary health care facilities). Nurses were trained on HIV counseling and management, and ART was provided according to national guidelines. Until February 2014, participants were initiated on ART if their CD4 was below 350 cells per cubic millimeter or had WHO stage 3 or 4 infection. From March 2014, Zimbabwe adopted the WHO 2013 consolidated guidelines, with the threshold for ART initiation revised to 500 cells per millimeter. 8 All children were commenced on cotrimoxazole prophylaxis at diagnosis of HIV infection.
Children aged between 6 and 15 years who tested HIV positive at the study PHCs were offered enrollment into the study. Children were excluded from the study if they resided outside Harare, as follow-up may have been difficult due to distance to travel to attend clinical review.
Clinical Assessment
Clinical history was recorded using an intervieweradministered questionnaire. Contact with health services, history of past illness, exposure to ART including maternal ART for prevention of mother-to-child HIV transmission (PMTCT), drug history, and acute and chronic symptoms were recorded, including respiratory and gastrointestinal symptoms, and problems with hearing, vision, speech, and gross motor function. HIV infection was staged using the WHO Staging System and a CD4 count. 16 A standardized physical examination was performed, including inspection of the skin for herpes zoster scarring, papular pruritic eruptions, planar warts, verrucous warts, molluscum contagiosum, fungal infection, and Kaposi sarcoma. The oral cavity was examined for gingivitis, periodontitis, candidiasis, and Kaposi sarcoma. Anthropometric examination included measurement of height and weight. The head circumference was determined by measuring the greatest occipitofrontal circumference, with the larger of 2 readings recorded. Tanner pubertal staging was performed in children aged .9 years. 17 In females, breast and pubic hair development and age at menarche were recorded. In males, testicular volume, measured using an orchidometer, pubic hair development, and penile length were assessed.
Cardiorespiratory function was assessed by the Medical Research Council Dyspnea Scale Score and modified incremental shuttle walk test (ISWT) with pretest and posttest recording of respiratory rate, heart rate, and peripheral oxygen saturations. 18, 19 ISWT was not performed if baseline oxygen saturation was less than 88%, or if resting heart rate or respiratory rate exceeded 120 and 30 per minute, respectively. Spirometry was performed by trained nurses using an EasyOne World spirometer (NDD Medical Technologies Inc., Andover, MA). After demonstration of the procedure, the participant performed forced exhalation maneuvers while seated until quality criteria had been reached or 8 trials had been completed. The trial with the highest forced expiratory volume at 1 second (FEV1) and forced vital capacity (FVC) was selected for interpretation. Reversibility testing by repeat spirometry was performed 15 minutes after administration of 2.5 mg of nebulized salbutamol, if any abnormality ie, either obstruction as defined by FEV1:FVC of less than 1.64 SD below the mean or restriction as defined by FVC ,1.64 SD below mean with normal FEV1:FVC ratio, was present. 20 
Laboratory Investigations
CD4 count was measured using an Alere PIMA CD4 (Waltham, MA) machine. Full blood count, renal, and liver function tests are not a prerequisite for starting ART in national guidelines, and these were only performed if clinically indicated. Participants who screened positive on the WHO TB screen were asked for a sputum sample. 21 Sputum was examined onsite by Ziehl-Nielsen smear microscopy and Xpert TB (Cepheid, Sunnyvale, CA).
Data Management and Analysis
Data were collected from paper forms by optical mark recognition (Cardiff TELEFORM Intelligent Character, version 10.7) and analyzed using STATA, version 12.1 (STATA Corporation, College Station, TX)). Z-scores for height-for-age, weight-for-age, and head circumference-forage were calculated using the 1990 British growth reference curves. 22 Spirometric indices were expressed as z-scores using GLI2012 reference ranges. 23 The association between a priori defined variables and CD4 count was determined using logistic regression, adjusting for age and sex. Missing variables were excluded in logistic regression analysis.
Clinical Definitions
A z-score of ,22 for height-for-age and weight-forage was considered to represent stunting and wasting, respectively. Pubertal delay was defined as girls not having reached Tanner 2 breast development by age 12 years and boys not having reached Tanner 2 testicular volume by age 14 years. 24 An obstructive lung defect was defined as FEV1 less than 1.64 SDs below the mean and FEV1:FVC of less than 1.64 SD below the mean. A reduced FVC (which would be suggestive of restrictive defect) was defined as an FVC below 1.64 SD below the mean with a normal or increased FEV1: FVC ratio. 23 Reversibility of either obstructive or restrictive defect was defined as greater than or equal to 12% improvement in FEV1 after repeat spirometric testing postadministration of salbutamol. 20 
Ethical Considerations
Written informed consent was obtained from all caregivers and written assent obtained from participants. Ethical approval for the study was obtained from the Medical Research Council of Zimbabwe, the Harare City Health Department Ethics Committee, the Biomedical Research and Training Institute Institutional Review Board, and the London School of Hygiene and Tropical Medicine Ethics Committee.
RESULTS
During the study period, 9655 children were tested for HIV of whom 449 (4.6%) tested HIV positive. An additional 21 participants were identified who had been diagnosed before study commencement but had not engaged in care and/or had not commenced ART. In total, 385 (86%) participants were recruited into the study. The remainder were not enrolled because of residence outside the study area (n = 24, 5%), declined consent (n = 25, 5.5%), care sought elsewhere (n = 34, 7.5%), and wrong age (n = 2, 0.4%). The median age at diagnosis was 11 years (interquartile range (IQR) 8-13), and 52% were female. Most participants were infected through mother-to-child transmission based on a history of maternal or natural sibling HIV or death, and self-report of no sexual debut, blood transfusions or surgery, and less than 2% of mothers of participants had received ART for PMTCT. Although 78% of participants had attended a PHC in the past 6 months and/or been previously hospitalized, HIV testing had not been performed (Table 1) .
More than half of participants rated their health in the past 3 months as poor (Table 2 ). Chronic respiratory symptom was frequent with 54% reporting cough of more than 1 month-duration and 16% reporting dyspnea. At rest, 12% had oxygen saturations ,88% and a further 10% dropped their oxygen saturations below 88% after exercise. Of the 238 participants who underwent spirometry and were able to produce quality traces, 23 (10%) had obstructive lung function defect with only 3 demonstrating reversibility with salbutamol, and 43 (18%) had a reduced FVC. Notably, despite 155 (40%) screening positive for TB on the WHO screen, only 1 participant was found to have TB on GeneXpert.
The median height-for-age, weight-for-age, and head circumference-for-age z-scores were 21.2 (IQR 21.9 to 20.41), 21.1 (IQR 22.1 to 20.45), and 21.4 (IQR 22.4 to 20.66), respectively. In addition, 27% of girls and 13% of boys were considered to have pubertal delay, and 24% of girls aged 15 years had not experienced menarche. Of the 80 participants with WHO stage 4 disease, 66% were classified as such based on stunting alone. Other chronic impairments included hearing difficulties self-reported by 12%, visual impairment by 6%, and speech impairment or gross motor defects by 2%. Chronic skin disease was found in 25% of participants on examination. (Table 3) .
DISCUSSION
The main finding of this study was the heavy burden of chronic morbidity among older children and adolescents at time of HIV diagnosis. Consistent with other studies, a quarter of participants had stunting and 23% had pubertal delay. [25] [26] [27] Although catch-up growth can be achieved after initiation of ART, children who begin treatment in later childhood are typically unable to regain their height potential. 28, 29 In addition, more than a third of participants had a head circumference-for-age z-score less than 22, which could partly be explained by suboptimal brain growth in early childhood. Unlike the progressive encephalopathy, manifest as failure to attain or loss of developmental milestones or intellectual capacity and motor defects, that is typical in HIVinfected infants and young children, gross motor defects and speech impairment were rare among our participants with slow-progressive disease. However, studies have reported defects in seemingly asymptomatic HIV-infected children in fine motor function, memory, perceptual performance, quantitative abilities, and mental processing and language abilities. 30, 31 These deficits are subtle and are not easily identified on routine questionnaire, and therefore, without formative testing may have been an underrepresentation of degree of morbidity in relation to higher functioning capacity in our study. These findings have to be interpreted with caution; however, as Western reference ranges for head circumference were used because of a lack of normative data from African children, and head circumference does vary by ethnic group. 22 Chronic respiratory disease was common with cough, hypoxia, reduced exercise tolerance, and obstructive lung defects being the predominant features. Reversibility was rare, making asthma unlikely. Other studies have also shown a high prevalence of obstructive lung defects, with little or no reversibility. 32, 33 A study which performed chest computed tomography in adolescents with long-standing, vertically acquired HIV infection showed that constrictive obliterative bronchiolitis was the predominant cause of chronic lung disease, with lymphoid interstitial pneumonitis (the most commonly recognized cause of lung disease in HIV-infected children) being a rare finding. 12, 34, 35 Obliterative bronchiolitis is a progressive, life-threatening condition and is well recognized as sequelae of respiratory tract infections, which were commonly reported by participants. 36 A quarter of all participants had chronic dermatological conditions. Although not life-threatening, these are commonly recognized as stigmata of HIV infection, may take long periods to resolve after ART and for some conditions particularly planar warts, effective treatments are not available. 37, 38 §17 females in this age group. kData missing for 94 participants-60 reason unknown, 18 missed respiratory assessment, 14 too ill, 1 mental impairment, and 1 refused.
¶Data missing for 58 participants-18 reason unknown, 17 too ill, 16 missed appointment, 5 equipment malfunction, 1 mental impairment, and 1 refused.
#Data missing for 60 participants-20 reason unknown, 17 too ill, 16 missed appointment, 5 equipment malfunction, 1 mental impairment, and 1 refused. **Data missing for 147 participants-91 uninterpretable trace, 9 missing data, 19 too ill, 11 missed appointment, 9 did not grasp technique, and 8 reason unknown.
Importantly, we observed no association between CD4 count and WHO HIV disease stage, a finding also noted previously. 39 There was also no association between CD4 count and chronic conditions, including stunting and poor lung function. Taken together, this implies that CD4 count may not be an appropriate criterion for starting ART in older children. This also has potential implications with respect to timing of ART initiation. Based on the WHO 2013 HIV treatment guidelines, 12% of participants would not have been eligible for ART. Given the lack of evidence of the mortality benefit of immediate ART in older children and the concern about drug toxicity and adherence, guidelines until recently have recommended deferring ART in older children. 8 Recent trials in adults have demonstrated that early initiation of ART reduces the risk of AIDS and non-AIDS events, 40, 41 but these trials excluded older children and adolescents. Our findings demonstrate that children with slow-progressing disease may have preserved CD4 counts but do develop chronic complications such as poor growth and chronic lung disease. It is, thus, possible that immediate ART may also prevent development of chronic complications in children. A randomized controlled trial would definitively establish whether immediate ART would prevent development or progression of chronic complications, but this is not going to be possible given the recent change in WHO guidelines recommending immediate ART in all adults and children.
The scale-up of programs to PMTCT has resulted in a substantial decline in the numbers of children infected with HIV, but coverage remains suboptimal in many high burden countries. 42 The limited availability of HIV testing services for children and the low rates of early infant diagnosis mean that for many infected infants, HIV diagnosis occurs in late childhood or adolescence after many years of ill health. 43 In this study, 78% of participants had previous contact with health facilities, including 27% having been hospitalized, but had not had HIV testing. Despite recommendations that PITC should be offered as standard in health facilities in HIV high prevalence settings, in practice, HIV testing is often prompted only after presentation with typical HIV-related symptoms. 44 Children with slow-progressing disease may take years before they develop the well-recognized HIV indicator conditions that prompt an offer of HIV testing, by which time they develop chronic complications and organ damage which may not be reversible with ART once established.
To our knowledge, this is the first study to report the prevalence of morbidity at HIV diagnosis in children and adolescents with long-standing HIV infection. Most children were vertically infected, implying living with HIV infection for up to 15 years without previous treatment. Participants were diagnosed after optimized PITC of attendees regardless of cause of presentation, with 80% of all attendees with previously unknown HIV status undergoing HIV testing (data not shown). The study was based in primary care facilities and therefore was not biased toward sicker children. We acknowledge several limitations. There was no HIVuninfected or an HIV-treated comparison group in our study. Vision, hearing, neurocognitive, and musculoskeletal function were not formally assessed but relied on self-report. Lung function assessment was not performed in 5% of participants. This was partly due to logistic reasons as respiratory assessment could not be performed at the initial assessment necessitating a second appointment within 2 weeks which some participants did not attend. Spirometric traces could not be interpreted in 100 (26%) participants. In addition, 19 (5%) participants were too ill to perform both spirometry and/or ISWT, which may have led to an underestimation of degree of lung disease present among the participants. Local reference ranges for lung function, puberty, and head circumference are not available. British reference ranges were used for height and weight z-score calculations because of a lack of WHO kaOR (adjusted odds ratio) for age and sex.
weight-for-age reference ranges for children over 9 years of age, which may not be appropriate for an African population. Our study shows a substantial burden of chronic morbidity among HIV-infected children diagnosed in later childhood, even among those with preserved CD4 counts. Recognition of this burden is needed to stimulate earlier diagnosis and improve access to HIV care for this age group. There is a pressing need to strengthen PITC and potentially provide other more effective services for HIV testing in this age group, and for timely institution of ART. Current recommendations of deferred ART in children may put them at risk of developing chronic complications. The recent WHO guidelines recommending treatment of all HIV-infected individuals regardless of age and disease stage may reduce the risk of development of chronic complications. Studies investigating the impact of immediate ART on AIDS and non-AIDS events in children and the pathogenesis of chronic complications will inform development of optimum care provision for HIV-infected children.
